Background: Inadequate sleep quantity and quality are associated with a higher risk of type 2 diabetes. This relationship is not well-examined in US Hispanics/Latinos, and prior analyses may be confounded by sleep apnea. This cross-sectional study examined joint associations of sleep duration and insomnia with diabetes among diverse US Hispanic/Latinos. Methods: Baseline data on sleep quantity and quality were obtained from 15227 participants (mean age 41; range 18-74 years) from the Hispanic Community Health Study/Study of Latinos. Complex survey multinomial logistic regression was used to examine associations between prevalent diabetes and six phenotypes defined by cross-classifying sleep duration (short ≤6 h, average >6-9 h, long >9 h) and insomnia, adjusting for sex, age, site and Hispanic/ Latino background interaction, education, physical activity, diet quality, and sleep apnea. Results: In the weighted population, 14% had diabetes, 28% had insomnia, 9% were short sleepers, and 19% were long sleepers. Compared with those with average sleep and no insomnia, those with short sleep and insomnia were more likely to have diabetes (odds ratio [OR] 1.46; 95% confidence interval [CI] 1.02, 2.11). Average sleepers with insomnia (1.28; 95% CI 1.02, 1.61) and long sleepers without insomnia (1.33; 95% CI 1.07, 1.65) also had elevated odds of diabetes. Further adjustment for body mass index attenuated associations, except with long sleep without insomnia. Conclusions: Both decreased quantity and quality of sleep are associated with diabetes in Hispanic/Latinos, with the greatest odds among those with short sleep duration and insomnia. The association is largely explained by obesity.
Introduction
Hispanic/Latinos, the largest US minority group, 1 are 66% more likely to have type 2 diabetes (T2D) and develop it at younger ages than non-Hispanic Whites. 2 Understanding modifiable risk factors in this population can inform interventions to reduce health disparities. Sleep has emerged as a novel prevention target. 3 Both quality and quantity of sleep are associated with T2D, 4 weight gain, 5 obesity, coronary heart disease, and stroke. 6, 7 In experimental and observational studies, shortened or disturbed sleep has been related to glucose intolerance, insulin resistance, and reduced acute insulin response to glucose, thus predisposing individuals to T2D. [8] [9] [10] [11] These results may be mediated through effects on adipose tissue function, because reduced sleep duration affects the secretion of hormones that regulate inflammation and insulin resistance. 12 Recent work by Vgontzas et al. 13 indicates that the combination of short sleep duration with insomnia may be associated with the highest risk of hypertension and diabetes, suggesting examination of both quality and quantity of sleep is warranted. The increased cognitive-physiological arousal and activation of the hypothalamic-pituitary-adrenal axis characteristic of this phenotype is associated with a higher risk of hypertension, diabetes, and mortality.
14 Short sleep duration with insomnia may reflect an underlying pathologic condition that persists over time, whereas average or longer sleep durations with insomnia may be more responsive to psychological intervention alone. Yet, few studies have examined joint associations of sleep duration and insomnia with chronic diseases. 15 Further, prior studies on the metabolic impact of poor sleep quantity or quality have not addressed confounding by sleep apnea, a common sleep disorder associated with poor sleep and T2D. 16, 17 Although racial or ethnic disparities in sleep quantity or quality are gaining attention, [18] [19] [20] sleep duration and insomnia are not well studied among diverse Hispanic/ Latinos. 21 Prior studies included mainly Mexican Americans, with small numbers of other Hispanic/Latino participants. 22 Limited literature suggests sleep characteristics vary according to ethnic heritage [22] [23] [24] and by nativity [25] [26] [27] and language preference. 28 For example, in the National Health and Nutrition Survey (NHANES), the relationship between objective hypertension and very short sleep duration (<5 h/night, self-reported) was only seen among non-Mexican Hispanics/Latinos, but not in the largest subgroup (Mexican Americans). 29 These results indicate potential differences according to Hispanic/Latino background before taking nativity into account. Interestingly, US-born Mexican Americans reported shorter sleep duration and more insomnia compared with Mexican-born immigrants in the NHANES. 26 The present study examined the joint associations of sleep quantity (self-reported duration) and quality (insomnia) with prevalent diabetes among diverse US Hispanic/Latino adults, adjusting for sleep apnea and potential confounders. Secondary analyses assessed whether associations varied by acculturation level (nativity and language preference) or were attenuated by adjustment for body mass index (BMI), a potential pathway through which sleep may relate to diabetes. We hypothesized that individuals with reduced quantity or quality of sleep have higher odds of diabetes, that associations are stronger among more acculturated individuals, and that adjustment for would BMI attenuate the associations.
Methods

Study population
The Hispanic Community Health Study/Study of Latinos (HCHS/SOL) is a population-based study that recruited 16 415 Hispanic/Latinos aged 18-74 years between March 2008 and June 2011 from randomly selected households in four US communities (Bronx, NY; Chicago, IL; Miami, FL; San Diego, CA). Households were selected using a stratified two-stage area probability design to ensure a representative sample, as described previously. 30 Participants included Hispanic/ Latinos from Cuban, Dominican, Mexican, Puerto Rican, Central American, and South American backgrounds. The study was approved by institutional review boards at each institution. Written informed consent was obtained from all participants.
The present cross-sectional analysis included 15 227 participants after excluding participants with missing Significant findings of the study: Examining joint associations of sleep and insomnia with prevalent diabetes among 15 227 Hispanic/Latinos revealed decreased quality and quality of sleep are associated with diabetes. Short sleep with insomnia has the highest odds of diabetes, which was explained by obesity. What this study adds: Few studies examine both sleep quality and quality in relation to type 2 diabetes; no prior study has examined joint associations of sleep duration and insomnia with diabetes in Hispanic/Latino Americans, a population in which sleep is not well-studied. data on diabetes (n = 21), BMI (n = 71), insomnia (n = 560), weekend or weekday sleep duration (n = 885), and possible type 1 diabetes (n = 33, diagnosis before 30 years of age and insulin as first medication). Analyses where HbA1c was the outcome excluded participants missing HbA1c (n = 97). Those excluded compared with those included had similar health and demographic characteristics, but diabetes prevalence differed (19% vs 14%).
Glycemic status
Baseline examinations included questionnaires (in Spanish or English), anthropometry, and a blood draw, as detailed previously. 30, 31 Because sleep duration affects insulin resistance, we classified glycemic status into a three-category outcome, separating diabetics from prediabetics and normoglycemics, according to the 2010 American Diabetes Association guidelines. 32 As in previous HCHS/SOL publications, 33 diabetes was defined as fasting glucose ≥126 mg/dL or 2-h post-load glucose ≥200 mg/dL or HbA1c ≥6.5% or the use of hypoglycemic medications; prediabetes was defined as fasting glucose of 100-125 mg/dL or 2-h post-load glucose of 140-200 mg/dL or HbA1c between 5.7% and <6.5% among subjects without diabetes; and normoglycemia was defined as fasting glucose <100 mg/dL, 2-h post-load glucose <140 mg/dL, HbA1c <5.7%, and no hypoglycemic medications.
Sleep assessment
We assessed sleep quality using a five-item validated and reliable instrument, namely the Women's Health Initiative Insomnia Rating Scale (WHIIRS), dichotomized at 10 and abbreviated throughout as "insomnia". 34 The WHIIRS asks participants to rank the severity of different insomnia symptoms (e.g. sleep latency, sleep maintenance, early morning awakening, and sleep quality) on a five-point scale through the following questions: "Did you have trouble falling asleep?"; "Did you wake up several times at night?"; "Did you wake up earlier than you planned to?"; "Did you have trouble getting back to sleep after you woke up too early?"; and "Overall, was your typical night's sleep during the past 4 weeks: very sound or restful; sound or restful; average quality; restless; or very restless?"
To assess sleep quantity, participants were prompted to consider "the times you get in and out of bed in order to sleep (not including naps)" and asked to report habitual bed and wake times separately for weekdays and weekends in response to the following questions: "What time do you usually go to bed?" and "What time do you usually wake up?" The difference between waketime and bedtime was calculated for weekdays and weekends separately and combined in a weighted average. Sleep duration was categorized as short (<6 h), average (6-9 h) or long (>9 h). For our main exposure, we assigned participants to one of six sleep phenotypes defined on the basis of sleep duration (short, average or long) and presence (WHIIRS >10) or absence (WHIIRS <10) of insomnia.
Covariate assessment
Body mass index was calculated as weight (in kg) divided by height squared (m 2 ) based on research measurements obtained at the in-person baseline visit. Information was obtained by interviewer-administered questionnaires on demographics, socioeconomics (education and household income), smoking, self-reported physical activity, medical history and medication, language preference at survey completion (Spanish or English), and nativity (born in 50 US states or Washington DC vs born outside mainland US, including Puerto Rico). Education was categorized as less than high school, high school diploma, or greater than high school education. Physical activity was categorized as high, moderate or low (metabolic equivalent units for days/week of recreational or work physical activity) through the Global Physical Activity Questionnaire. 35 Missing values for education (n = 29) or physical activity (n = 48) were assigned to the largest category, "less than high school" and "low physical activity."
Dietary intake was ascertained by two 24-h dietary recalls, administered approximately 6 weeks apart. The Alternate Healthy Eating Index 2010 (AHEI-2010) measured diet quality. 36 Higher AHEI-2010 scores (range 0-110) represent healthier diets. Missing observations (n = 144) were assigned to the mean (48.97).
Participants used a home or portable sleep apnea monitor for one night. As described previously, 24 this device measures airflow, hemoglobin oxygen saturation and pulse rate, head movement and position, and snoring, but cannot assess sleep duration. 37 Sleep apnea severity was assessed using the apnea-hypopnea index (AHI; respiratory events/sleep hour, counting hypopneas with desaturation >3%). We used a three-category variable: moderate-severe obstructive sleep apnea (AHI >15 events/h); mild-no sleep apnea (<15 events/h); and a missing indicator category (n = 1654).
Statistical analyses
All values other than sample size were weighted, adjusting for probability of selection and non-response using complex survey procedures in SAS 9.3 (SAS Institute, Cary, NC, USA). 30 Weights are the product of a "base weight" (inverse selection probability) and adjustments: (i) non-response relative to sampling frame; (ii) trimming to handle extreme values; and (iii) calibration to 2010 US Census for age, sex, and Hispanic background. Adjustment results in statistics representative of the target population: Hispanic/Latino adults 18-74 years residing in HCHS/SOL sites.
Descriptive characteristics were computed overall and by sleep phenotype. Multinomial logistic regression identified predictors of diabetes, prediabetes, or normoglycemia. Linear regression identified predictors of HbA1c levels. Models adjusted for sex, age, cross-classification of recruitment site and Hispanic/Latino background, education, physical activity, diet, and sleep apnea. Body mass index, a potential mediator, was added in secondarily. The degree of attenuation with adjustment for BMI was interpreted as an indirect effect of sleep on diabetes status through BMI.
Sensitivity analyses
We excluded participants conducting night-shift work; circadian disruption increases diabetes independent of shortened sleep in shift workers. 38 Because there is no accepted threshold for "short" or "long" sleep durations, we repeated analyses defining sleep duration in the following alternative categories: short (<5 h), average (5-8 h) or long (>8 h). In case of residual confounding by sleep apnea severity, we considered adjustment for AHI as a continuous variable. To assess whether the results may be mediated through psychological distress, we also considered adjustment for anxiety (10- 40 scale, calculated excluding restless sleep for a total possible score of 27). To reduce reverse causation, we excluded participants with HbA1c >10% and then separately excluded those with diagnosed diabetes >10 years; hyperglycemic nocturia and peripheral neuropathy disrupt sleep. Before conducting analyses stratified by acculturation (language and nativity), we used likelihood ratio tests (LRT) to compare models with and without product terms of sleep phenotypes with these measures. Because our sample included diverse Hispanic/Latino subgroups, we further tested product terms of each sleep phenotype with each Hispanic/Latino background.
Results
Participant characteristics accounting for sampling weights are given in Table 1 . Compared with those without insomnia, all groups reporting insomnia had a higher proportion of females and older age. Short sleepers without insomnia had the lowest unemployment, whereas long sleepers without insomnia were younger with the lowest mean BMI. Regardless of insomnia, long sleepers were the least physically active group; short sleepers were the most active. The prevalence of moderate-severe sleep apnea did not differ by sleep phenotype, although insomnia groups had higher indices of apnea or hypopnea. Figure 1 shows associations of sleep phenotypes with diabetes status, with and without adjustment for BMI. Before BMI adjustment, compared with average sleep duration and no insomnia, all other phenotypes had higher odds of diabetes. As hypothesized, short sleepers with insomnia had the greatest odds ratio [ (Fig. 2) .
The effect of insomnia, regardless of sleep duration, was similar across acculturation levels ( . There was statistical evidence of an interaction for both nativity (LRT P < 0.0001) and language preference (LRT P = 0.0003).
As a secondary outcome, we examined associations of sleep phenotypes with HbA1c separately among participants with and without diabetes ( Table 3) . Among diabetics, short sleepers with insomnia had worse glycemic control compared with average sleepers without insomnia: mean HbA1c percentage difference of 0.47 (95% CI 0.13, 0.81). Among diabetics, those with insomnia and average or long sleep had a lesser change in HbA1c levels (not significant), whereas no association was found when insomnia was absent. A borderline significant association between short sleep without insomnia and higher HbA1c was observed among non-diabetic individuals before adjustment for BMI.
In sensitivity analyses, excluding participants reporting night-shift work (n = 1361) slightly strengthened Data are given as odds ratios with 95% confidence intervals in parentheses for polytomous outcome (diabetes or prediabetes vs normoglycemia). Odds ratios that differ significantly from 1 are bolded.
Results from multinomial logistic regressions on the polytomous outcome diabetes status (diabetes, prediabetes or normoglycemia [reference]), adjusted for study design, nonresponse, cross-classification of site of recruitment and Hispanic/Latino background, age, sex, educational attainment, diet quality, self-reported physical activity level, and apnea-hypopnea index. Models were fit separately by language preference and nativity. Average sleep, >6-9 h/night; short sleep, <6 h/night; long sleep, >9 h/night; insomnia (Women's Health Initiative Insomnia Rating Scale >10).
Insomnia, sleep, and diabetes in Latinos E.M. CESPEDES et al. Results from linear regression fit separately among diabetic and non-diabetic participants, adjusted for study design, non-response, cross-classification of site of recruitment and Hispanic/ Latino background, age, sex, educational attainment, diet quality, self-reported physical activity level, apnea-hypopnea index, and, where indicated, for body mass index (BMI 
Discussion
In the present community-based study of 15 227 US Hispanic/Latino adults, combinations of sleep duration and insomnia were associated with prevalent diabetes compared with average sleep without insomnia. Although associations were strongest for short sleep with insomnia, confidence intervals overlapped. Pathways likely differ, with an important mediating role for obesity in most but not all phenotypes; this is suggested by the attenuation and non-significant associations of all sleep phenotypes after adjustment for BMI, except long sleep without insomnia. Limited research suggests that short sleep is a risk factor for diabetes among Hispanics/Latinos. 41 Regarding sleep quality, a report from the Behavioral Risk Factor Surveillance System, which included primarily Mexican Americans and used a single non-validated question for sleep quality and self-reported diabetes, estimated that the OR for diabetes was 1.88 (95% CI 1.46, 2.42) reporting insufficient rest or sleep for the prior month compared with those with sufficient rest or sleep among Hispanic/Latinos. 6 Similar to our finding that diabetic short sleepers with insomnia had elevated HbA1c, a cross-sectional study (n = 571 Caucasian and African Americans) found insomnia was associated with higher fasting glucose and insulin, but only among diabetics. 42 The present study found the strongest associations with diabetes for short sleepers with insomnia. In keeping with this, Vgontzas et al. 13 found, using polysomnography (n = 1741 mostly Caucasians), that individuals reporting insomnia who slept <5 h/night (vs no insomnia and >6 h/night) had the highest odds of diabetes (OR 2.95; 95% CI 1.2, 7.0). 13 Consistent with these results, lowering the threshold for short sleep duration to <5 h/night strengthened associations of short sleep and insomnia with diabetes in the present study. The combination of self-reported short sleep with insomnia may identify severe insomnia and/or the presence of chronic psychological stress, which compounds the physiological hyperarousal in insomnia (e.g. hyperactivity of the hypothalamic-pituitary-adrenal and sympatho-adrenal-medullary axes) and leads to more severe consequences.
14 However, adjustment for anxiety and depressive symptoms in sensitivity analyses did not substantially alter the point estimates.
After controlling for obesity, associations of diabetes with short sleep and insomnia (and with all other sleep phenotypes except long sleep without insomnia) were attenuated and became non-significant. This is consistent with mounting literature linking sleep duration to weight gain. 43 In addition to excess adiposity, short sleep can decrease glucose tolerance and insulin sensitivity. 9 With chronic sleep curtailment, the increased load on the pancreas from insulin resistance may tax β-cell function, leading to T2D. Both insomnia and short sleep duration have been related to changes in leptin and ghrelin, which could stimulate hunger and energy intake and contribute to obesity and impaired glucose regulation. 9, 13 Although the contribution of insomnia to weight gain and insulin resistance independent of or in combination with extremes of sleep duration is not as well studied, our results are consistent with obesity mediating the association between poor sleep and diabetes. We observed elevated BMI among all sleep phenotypes other than long sleep with or without insomnia and elevated odds of obesity among average (OR 1.16; 95% CI 1.02, 1.32) and short (OR 1.50; 95% CI 1.14, 1.96) sleepers with insomnia, but not other groups (data not shown).
Importantly, confidence intervals for sleep phenotypes overlapped and estimated diabetes odds were elevated for all forms of disturbed sleep, including long sleep without insomnia. In the case of long sleep, some, 44 but not all, 45 prospective studies observe associations with T2D. Long sleep may reflect underlying illness, sleep disorders such as insomnia or sleep apnea, 46 or confounding: low exercise and extremes of alcohol intake are associated with long sleep and increased risk for T2D and other morbidities. 46, 47 However, adjustment for alcohol, physical activity, sleep apnea, and BMI did not weaken estimated associations with long sleep, and the strongest associations were seen for long sleepers without insomnia. Importantly, in the present study sleep duration was assessed as habitual bed minus wake time and not all time in bed is spent asleep, and this may be particularly true for self-reported long sleepers. Consistent with this, Youngstedt and Jean-Louis 48 suggest excessive time in bed has detrimental effects on health that account for the association between long sleep and increased morbidity and mortality. 48 Results suggest the underlying causes of disturbed sleep differ for different phenotypes and warrant further investigation.
Acculturation may modify the association of sleep phenotypes with diabetes status. Short sleep without insomnia had an association with diabetes among more acculturated individuals that was not present among those born outside the mainland US or those who were Spanish speaking; however, it is important to note that the confidence intervals overlapped substantially. Chronic short sleep without insomnia may result from voluntary sleep restriction due to work, recreational media use, or other causes. Although estimated associa-tions did not change with adjustment for employment, the proportion of participants who reported full-time employment was highest in the short sleep without insomnia category, suggesting work schedules may be one cause. Acculturation is also associated with prolonged television viewing, 49 perhaps contributing to shorter or disturbed sleep. 50 These results underscore the need to distinguish separate sleep phenotypes, as well as to examine underlying causes of sleep disturbance by acculturation level.
Strengths and limitations
The unprecedented diversity and size of the HCHS/SOL cohort makes this the first study to examine associations of sleep phenotypes with diabetes status among Hispanic/Latinos of various ethnic backgrounds, enhancing generalizability. We also examined whether associations vary by acculturation. Further, objective diabetes assessment and detailed insomnia measurement are major strengths; much prior work has used selfreported diabetes and single-question measures of sleep quality. Control for potential confounding using objectively measured sleep apnea is an advantage.
As in all cross-sectional studies, we cannot establish the temporal ordering of sleep symptoms and diabetes, an association that is likely bidirectional. 51 Reverse causation is possible because disturbed sleep is common among people with diabetes. 52 However, excluding participants with disease duration >10 years or HbA1c >10% did not materially change associations. Another limitation of the present study was self-reported sleep duration. People with insomnia may under-report sleep compared with over-reporting observed in people without insomnia with similar sleep times. 14, 53 Thus, selfreported short sleep and insomnia could represent more severe insomnia but not objectively shorter sleep duration. In the present study, sleep duration was measured as reported bed minus wake time; thus, participants with insomnia may have had the same duration of time in bed with fewer hours of sleep.
Extremes of sleep duration in combination with insomnia are associated with prevalent diabetes in Hispanic/Latino adults, with a large portion of the association explained by obesity. Sleep quality and quantity may be potential targets for disease management or preventive intervention in Hispanic/Latino populations with or at high risk for diabetes.
